Supplementary information
The defect calculations were based on 64-atom supercells with a 2x2x2 k-point mesh using the MonkhorstPack formalism. The k-points were unshifted in reciprocal space and do not include the Gamma point. In the defective supercells, atoms near the defect site were allowed to relax within a spherical shell out to the third nearest neighbor of the defect site, while all other atoms were frozen in their bulk positions. for using the sxdefectalign code by Christoph Freysoldt. This was the only correction applied to the calculated defect formation energies.
The defect and carrier concentrations were calculated via solutions to the mass and charge balance equations, using the DFT formation energies and charge transitions as inputs. The effect of dysprosium concentration, 
Time domain thermo reflectance (TDTR):
The thermal conductivity of various CdO:Dy samples were measured using time domain thermoreflectance (TDTR). 1, 4, 6 TDTR is an optical pump-probe experiment which utilizes a train of ultrashort laser pulses to induce a modulated heating event on the sample surface and monitor the resulting thermal decay. For these TDTR measurements, we coat the samples with an 83±3 nm aluminum film, which acts as a thermal transducer to relate the absorbed pump energy to the temporal temperature change on the samples surface.
Our specific TDTR system is centered around a sub-picosecond Ti:Sapphire oscillator. We sinusoidally modulate the pump pulses at 8.8 MHz using an electro-optic modulator. The probe is delayed through time up to 6.5 ns by a mechanical delay stage. The pump and probe are focused onto the sample by a converging lens with spot diameters of 42 µm and 11 µm, respectively. The large pump spot size ensures that no significant radial heat spread occurs in the sample that that heat propagation is nearly one-dimensional. 4 Using a lock-in amplifier, we isolate the thermoreflectance signal of the sample via detection of the modulated response of the probe referenced to the pump modulation. The change in surface temperature of the sample is directly related to the change in the ratio of the in-phase and out-of-phase components of the detected lock-in signal over the in the thickness of the Al transducer. To minimize this uncertainty, we verify the Al film thickness with both X-ray reflectivity and picosecond acoustic analysis.
8,9
Figure 8. Data and best-fit curve of TDTR data for undoped CdO Figure 8 shows the data and best-fit curve of our model for the TDTR measurement of the undoped CdO sample. To ensure that our model is sensitive to the properties that we are fitting, we perform sensitivity analysis on the main parameters used in our thermal model. 10, 11 The sensitivity, S, to a certain thermo-physical property, p, is defined by:
Where V in and V out are the in-phase and out-of-phase responses components of the thermoreflectance signal from the lock-in amplifier. Degree of sensitivity to a property is determined by the relative magnitude of the sensitivity parameter over the measurement time. 
where the complex refractive indices of the incident material ( ! ) and the transmitted material ( ! ) together with the incident angle Θ are used to calculate the reflectance for both p-and s-polarized light. To calculate the refractive index of the modeled film, the relation = ! was used.
The total reflectance from the substrate/CdO/air interface can be calculated using the Airy formula
where is the incident light wavelength, ! is the film's thickness and ! and ! are the calculated reflectances from interface 1 and 2. Additionally, the back reflection from the CaF 2 /substrate interface was calculated using Eq. 5-6 and added to the calculated reflectivity data. The data is ultimately compiled into maps of the total reflectance in angle and wavenumber space (Eq. 9).
To account for the strong dispersion in the mid-IR of all optical elements used in the recording of the reflectivity data (substrates, prism), the dielectric dispersion of these materials was included in the calculations.
Origin of strong vertical (angle independent) absorption lines in experimental SPR data.
The observed strong spectral features at 1350 cm -1 are a consequence of a dark band in the IR-VASE source output. A raw spectrum of the output spectra is depicted in Figure 10 . Due to the dim and noisy nature of the ellipsometers output at these frequencies, the absolute recorded intensity at these energies is low and the Rp/Rs representation of the data amplifies the noisy band. It is important to note that this is a measurement artifact caused by the spectrometers radiation source, and the artifact does not show any angle dependency.
Thus, it does not limit the data's validity for characterizing the SPP dispersion in the mid-IR. Since our simulations assume even intensity for the radiation over the frequency range of interest, this experimental detail is not included in the simulated data. Experimentally, the data is normalized to the background spectrum, as typically done for fourier transform IR spectrometers. 
SPP quality factor calculations:
Propagation length:
The propagation length L ω for a single metal/dielectric interface was calculated as 1 :
The confinement width D ω is defined as 1 :
